Differential regulation of glucokinase activity in pancreatic islets and liver of the rat.
The differential tissue-specific regulation of glucokinase activity in liver and pancreatic islet cells was investigated in the insulinoma-bearing rat. A transplantable insulinoma caused hyperinsulinemia and hypoglycemia in the host by 2-3 months after implantation. Suppression of the pancreatic B-cells by the high insulin and/or low glucose manifested itself by a decrease of insulin in islet tissue. Removal of the tumor initiated transient insulin deficiency and hyperglycemia with extremes of these changes at 24 h after tumor resection. These conditions markedly affected glucose phosphorylation in the islet cells: glucokinase activity was reduced 71% in islet samples from insulinoma-bearing rats, and the enzyme fully recovered within 24 h after tumor resection. Hexokinase activity, by contrast, was not affected by these manipulations. To evaluate the relative contributions of hypoglycemia and hyperinsulinemia in islet glucokinase adaptation, glucose was intravenously infused to insulinoma-bearing rats; glycemia in excess of 150 mg/100 ml combined with excessive hyperinsulinemia resulted in a partial recovery of islet glucokinase activity, first apparent after 9 h of glucose infusion and with doubling of the activity after 24 h after glucose loading. In contrast, liver glucokinase was increased nearly 4-fold at the time of extreme hypoglycemia and hyperinsulinemia and rapidly fell to control rates following tumor removal. Intravenous infusion of glucose for 24 h into the tumor-bearing rat (i.e. hyperglycemia combined with excessive plasma insulin) had no influence on liver glucokinase activity. Liver hexokinase was not influenced by any of these experimental manipulations. The data indicate that the activities of pancreatic islet and liver glucokinase are regulated in a differential manner. Insulin is apparently the primary determinant of liver glucokinase and glucose seems to control islet glucokinase. Biochemical mechanisms for differential organ-specific regulation of glucokinase activity seem to have evolved such that this enzyme may play a dual role in glucose homeostasis, namely to serve as insulin-dependent glucose sensor in the B-cells and as insulin-sensitive determinant of hepatic glucose use.